How humans execute accurate movement in the presence of motor noise is a key problem in the field of biomechanics and motor control that limits the performance improvement in daily or sporting activities. The aim of this study was to clarify the strategy of basketball players during free-throw shooting.
performance as ∆Y (Figure 2a ). y, z and ω had a lower effect on the landing 139 position compared with θ and v. In addition, the effect of θ increased consid-140 erably as the release angle increased (see Result, Figure 4) . Therefore, in the 141 following analysis, to simplify the problem and visualize the variables in the 142 solution manifold, we considered the release speed v and release angle θ as vari-143 ables, while the other release parameters were assumed to be constant as the 144 mean value of each participant. This notion is also supported by the underhand 145 throwing study (Dupuy et al., 2000) . 146 Execution variables and solution manifold. For all combinations of release pa-147 rameters, the results of the trajectories can be calculated using Eq. (1). The 148 combinations of release parameters required to produce successful shots can be 149 drawn as a solution manifold in an execution space (Müller & Sternad, 2004; 150 Cohen & Sternad, 2009; Sternad et al., 2011) . Two ranges of release speed and 151 release angle were set to illustrate the execution variables of all participants. 152 The local ranges of release speed and release angle ranged from 6.5-7.5 m/s and 153 from 40-60 • , and the global ranges ranged from 6-10 m/s and from 40-80 • , re-spectively. Thus, the ranges were divided into 100 equal widths (i.e. 101 × 101 in which the margin of error between the ball and the hoop was formulated for 158 a given entry angle. A solution manifold in an execution space spanned by the 159 release speed and angle is shown in Figure 1c 
167
Prediction of shot probability. To identify the optimal strategy, the probabil-168 ity of success was estimated using a statistical distribution. For each (v i , θ j ) 169 (i = 1, 2, . . . , 101, j = 1, 2, . . . 101), N random trials were generated from the bi-170 variate normal distribution, where their probability density functions are given 171 in Eq. (7). Here, x is the mean vector of x = (v, θ) T and Σ i,j is the covariation 172 matrix of x = (v, θ) T . We modeled the variance of the release parameters as 173 speed-dependent noise (i.e. the variance is proportional to the speed) in Eq. (8).
174
Here, Σ 0 is the covariation matrix of measured data. The probability, p(v i , θ j ), 175 was calculated by computing the number of successful shots from N random 176 trials, which was set to be 1000. higher trajectories).
216
In addition, we calculated the index of error propagation (λ v · ∆v) 2 + (λ θ · 217 ∆θ) 2 to explain the advantages of using the strategy of near-minimum release 218 speed. Figure 4 shows that the error propagation of the release angle was shots from three different distances, showed that the release speed differed sig-280 nificantly between distances, but the release angle did not (Nakano et al., 2018) .
281
It is possible that players focus on adjusting the release speed by using the re-282 lease angle of near-minimum speed. Note that when the defender is very close 283 to a shooter in a game, the shooter does not always use the strategy because 284 they use a larger release angle in the presence of the defender to avoid the block 285 from the defender (Rojas et al., 2000) .
286
Further, speed-dependent noise did not have a substantial influence on per-287 formance within local ranges for the same task ( Figure 5 ). This is because the 288 local range of release speed, which was selected by the participants, was very 289 small in the free-throw task. Additionally, the error propagation of the release 290 speed decreased as the speed and speed-dependent noise increased (i.e. higher 291 trajectory) (Figure 4) . These results suggest that minimizing the release speed 292 is related to minimizing the error propagation of the release parameters, rather 293 than minimizing the speed-dependent noise itself.
294
Hypothesis: players maximize shot probability. To predict the optimal strat-295 egy, we performed simulation analysis by modeling the measured variability 296 of each participant in the experiments using a bivariate normal distribution, 297 similar to the decision making studies for several tasks such as rapid pointing 298 (Trommershäuser et al., 2003 (Trommershäuser et al., , 2005 . Most of the participants in this study se-299 lected the strategy that was different from that of highest probability (Figure 3 
